PD patients with freezing of gait (PD-FOG) had longer pro-and anti-saccade latencies than nonfreezers (PD-NON). PD-FOG showed greater variability of saccade velocity and gain than PD-NON. Findings were unrelated to saccade error rate, disease severity, or cognition, and suggest freezing is related to a global disturbance in motor automaticity.
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PD patients with freezing of gait (PD-FOG) had longer pro-and anti-saccade latencies than nonfreezers (PD-NON). PD-FOG showed greater variability of saccade velocity and gain than PD-NON. Findings were unrelated to saccade error rate, disease severity, or cognition, and suggest freezing is related to a global disturbance in motor automaticity.
a b s t r a c t
Objective: Freezing of gait (FOG) is a locomotor disturbance in Parkinson disease (PD) related to impaired motor automaticity. In this study, we investigated the impact of freezing on automaticity in the oculomotor system using an anti-saccade paradigm. Methods: Subjects with PD with (PD-FOG, n = 13) and without (PD-NON, n = 13) FOG, and healthy agematched controls (CTRL, n = 12) completed automatic pro-saccades and non-automatic anti-saccades. Primary outcomes were saccade latency, velocity, and gain. Results: PD-FOG (pro-saccade latency = 271 ms, anti-saccade latency = 412 ms) were slower to execute both types of saccades compared to PD-NON (253 ms, 330 ms) and CTRL (246 ms, 327 ms). Saccade velocity and gain variability was also increased in PD-FOG. Conclusions: Saccade performance was affected in PD-FOG for both types of saccades, indicating differences in automaticity and control in the oculomotor system related to freezing. Significance: These results and others show that FOG impacts non-gait motor functions, suggesting global motor impairment in PD-FOG. Ó 2016 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Among the many gait difficulties in people with Parkinson's disease (PD), freezing of gait (FOG) is one of the most common, affecting over half of the PD population (Forsaa et al., 2015) . FOG manifests as episodic interruptions of the gait cycle during normal walking and other complex gait tasks like turning (Bloem et al., 2004; Nutt et al., 2011) . Additional research into the mechanisms of FOG showed that freezing is not limited to gait, but can also be observed in other motor tasks, such as upper limb movements and speech (Moreau et al., 2007; Williams et al., 2013; Vercruysse et al., 2014a) . Altogether, these studies indicate that freezing may be a global phenomenon impacting not just gait but the entire motor system.
Many hypotheses explaining FOG phenomenology have been proposed (Nieuwboer and Giladi, 2013) , and two specifically relate FOG to impairments in cognitive-motor function. The interference model suggests excessive overlap of activity in sensorimotor, associative, and limbic circuits of the basal ganglia leads to abnormal inhibition from the globus pallidus, leading to freezing episodes (Lewis and Barker, 2009 
